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(57) ABSTRACT 

A method for the automatic selection of computer system 
parameter values to improve system performance as Work 
load on the system changes. Methods are disclosed for 
automatically making minor adjustments to computer sys 
tem parameters and comparing long-term associated perfor 
mance changes in order to set parameter values so as to 
obtain improved system performance. The time frame over 
Which a change in a system parameter and the associated 
system performance change is averaged is adjustable, thus 
permitting evaluation over shorter or longer periods of times 
as deemed appropriate. An objective measure of system 
performance is de?ned prior to implementation of the 
present methods. For transaction based systems, average 
system response-time for a given demand on the system 
could be, for example, such a measure. For systems execut 
ing batch-type workloads, system throughput may be used 
as the indicator of hoW Well the system is performing. 

12 Claims, 2 Drawing Sheets 
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METHOD TO OBTAIN IMPROVED 
PERFORMANCE BY AUTOMATIC 

ADJUSTMENT OF COMPUTER SYSTEM 
PARAMETERS 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 
This is a continuation of application Ser. No. 09/651,916 

?led on Aug. 31, 2000 now US. Pat. No. 6,628,994 Which 
is hereby incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention relates generally to computer sys 
tems and, more particularly, to the automatic and continual 
adjustment of parameters to values that result in improved 
system performance even as the Workload on the system 
changes. 

BACKGROUND OF THE INVENTION 

Administrators of modem computing systems generally 
have various parameters available that can be adjusted or 
con?gured to values that result in improved performance of 
the system. SiZe of sWap space, memory dedicated to 
buffer-cache, maximum number of processes permitted, and 
maximum application data siZe are examples of such param 
eters that could be so adjusted. 

With limited success, various techniques have been used 
to make these parameter adjustments. One common solution 
to this problem is for the administrator or operator to learn 
the details of the inner Workings or operation of each 
application, and then speculate as to the optimal con?gura 
tion of the computer system. This approach has several 
disadvantages: (1) it is extremely time consuming, espe 
cially since it must be repeated as each neW application or 
Workload is brought into the system, (2) there is frequently 
insufficient data available from the vendor of the applica 
tions to do this With any precision, (3) it is an error prone 
process as there are often unforseen dependencies Which 
makes such speculation highly inaccurate, and (4) optimal 
system parameter values can be dependent upon application 
usage characteristics, Which can vary from time to time. 

Another solution to this problem is to build a separate 
mechanism for each system parameter Which in?uences 
system performance and Which can be adjusted. Each such 
mechanism Would have the capability of measuring system 
metrics and evaluating Whether or not a change in the 
parameter controlled by that mechanism is called for. For 
example, such a mechanism could control a system’s virtual 
memory and could detect When the system either has or is in 
danger of running out of virtual memory. The mechanism 
could then recommend that the system be recon?gured to 
increase virtual memory. One problem With this approach is 
that a separate mechanism must be created for each system 
parameter that it is desirable to control. 

Thus, there is a need for a method by Which a computer 
system can be more effectively and ef?ciently improved. In 
particular, there is a need for a method to automatically and 
continually adjust system parameters to obtain improved 
system performance, even as the Workload on the system 
changes. 

SUMMARY OF THE INVENTION 

In representative embodiments, the present patent docu 
ment discloses methods for automatically making minor 
adjustments to computer system parameters and comparing 
long-term associated performance changes in order to set 
parameter values so as to obtain improved system perfor 
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2 
mance. The time frame over Which a change in a system 
parameter and the associated system performance change is 
averaged is adjustable, thus permitting evaluation over 
shorter or longer periods of times as deemed appropriate. An 
objective measure of system performance should be de?ned 
prior to implementation of the present methods. For trans 
action based systems, average system response-time for a 
given demand on the system could be, for example, such a 
measure. For systems executing batch-type Workloads, sys 
tem throughput may be used as the indicator of hoW Well the 
system is performing. Also needed is a means for incremen 
tally adjusting the value of each adjustable system parameter 
that in?uences system performance. 
As the computer system runs, the representative embodi 

ment of the present patent document adjusts parameter 
values over a predetermined interval. As such changes are 
made, system performance is measured and bene?cial 
changes are implemented. 

Representative embodiments as described in the present 
patent document are advantageous in that they take very 
little time or effort on the part of the system operator to 
arrive at an optimal or near optimal system con?guration. 
Additionally, as the usage characteristics and load on the 
system change, this method ?nds and recommends improve 
ments to the system, Without requiring the operator to 
continuously monitor and redo previous adjustments that 
Were performed by hand. Another bene?t is that this mecha 
nism can be used on a subset of the parameters available on 
a system. Thus, the operator may choose to use this method 
to look for improvements in obscure or less understood 
parameters, and make the macroscopic adjustments himself. 

Additional advantages of the embodiments disclosed in 
the present patent document include an ability to choose a 
range of values for any particular system parameter, as 
opposed to selecting a particular value for the parameter. 
The range chosen could be large or small, depending hoW 
much is knoWn regarding the impact of a change in the 
parameter upon system performance. As experience With the 
system is gained, the permitted range could be automatically 
reduced. Generally minor improvements in system perfor 
mance Would not require as large a range of permitted 
parameter values as might otherWise be available. 

Also, if it is determined that the best setting for a 
parameter is at one extreme of the ranges of values, the 
operator can be noti?ed and requested to extend the range. 

In addition, this method can be used “o?line”. This 
method can be employed on a development or benchmark 
instance of the application, instead of on the production 
version. Improved settings could be found With very con 
sumption of operator time, and Without risking adverse 
affects on a production system. The ideal settings obtained 
using the development system could then be adapted to the 
production system. 

Other aspects and advantages of the present invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, 
illustrating by Way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings provide visual representa 
tions Which Will be used to more fully describe the invention 
and can be used by those skilled in the art to better 
understand it and its inherent advantages. In these draWings, 
like reference numerals identify corresponding elements 
and: 

FIG. 1 is a draWing of a list of parameters used for 
automatic adjustment of computer system parameters as 
described in various representative embodiments of the 
present patent document. 
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FIG. 2 is a drawing of a ?ow chart for a method for 
automatic adjustment of computer system parameters as 
described in various representative embodiments of the 
present patent document. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As shown in the drawings for purposes of illustration, the 
present patent document relates to a novel method for the 
automatic and continual adjustment of computer system 
parameters to values that result in improved system perfor 
mance. This method can continue to make appropriate 
adjustments even as the workload on the system changes. 
Previous methods for improving system performance have 
relied upon speculation as to the optimal system con?gura 
tion or by independently controlling individual system 
parameters. In the following detailed description and in the 
several ?gures of the drawings, like elements are identi?ed 
with like reference numerals. 

In representative embodiments, the present patent docu 
ment discloses methods for automatically making minor 
adjustments to computer system parameters and comparing 
long-term associated performance changes in order to set 
parameter values so as to obtain improved system perfor 
mance. The time frame over which a change in a system 
parameter and the associated system performance change is 
averaged is adjustable, thus permitting evaluation over 
shorter or longer periods of times as deemed appropriate. An 
objective measure of system performance should be de?ned 
prior to implementation of the present methods. For trans 
action based systems, average system response-time for a 
given demand on the system could be, for example, such a 
measure. For systems executing batch-type workloads, sys 
tem throughput may be used as the indicator of how well the 
system is performing. Also needed is a means for incremen 
tally adjusting the value of each adjustable system parameter 
that in?uences system performance. 
As the computer system runs, the representative embodi 

ment of the present patent document adjusts parameter 
values over a predetermined interval. As such changes are 
made, system performance is measured and bene?cial 
changes are implemented. 

FIG. 1 is a drawing of a list 100 of parameters 105 used 
for automatic adjustment of computer system parameters as 
described in various representative embodiments of the 
present patent document. The parameters 105 on the list 100 
are those system parameters 105 which are both adjustable 
and believed to in?uence system performance, as well as for 
which a decision has been made to incrementally adjust in 
an effort to improve system performance. The parameters 
105 on this list are initially marked as “unelected”. As they 
are selected and their values are incremented they are 
marked as “selected” as the ?rst parameter 105 has been in 
FIG. 1. 

FIG. 2 is a drawing of a ?ow chart for a method 200 for 
automatic adjustment of computer system parameters as 
described in various representative embodiments of the 
present patent document. In block 205 each system param 
eter on the list 100 of FIG. 1 is marked as “unelected”. Block 
205 then transfers control to block 210. 
When at least one parameter listed on the list 100 is 

marked as “unelected”, block 210 transfers control to block 
215. Otherwise, block 210 transfers control back to 205. 

In block 215 one of the parameters 105 on the list 100 is 
selected. Block 215 then transfers control to block 220. 

In block 220 the selected parameter 105 is marked as 
“selected”. Block 220 then transfers control to block 225. 
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4 
In block 225 an initial value is selected for the selected 

parameter 105. Block 225 then transfers control to block 
250. 
When the selected value for the selected parameter 105 

lies within a speci?ed range for that parameter 105, block 
250 transfers control to block 255. Otherwise block 250 
transfers control to block 280. 

In block 255 the selected parameter 105 is set equal to the 
selected value. Block 255 then transfers control to block 
260. 

In block 260 the value of the system performance is 
measured. Block 260 then transfers control to block 265. 

In block 265 the measured value of system performance 
is recorded. Block 265 then transfers control to block 270. 

In block 270 the value of the selected parameter is 
incremented. Block 270 then transfers control to block 250. 

In block 280 the selected parameter 105 is adjusted to the 
value that resulted in improved system performance for the 
various values to which that parameter had been set. Block 
280 then transfers control to block 210. 

Block 205 will then continue the process as described 
above. 

While embodiments disclosed in the present patent docu 
ment refer to automatic adjustment of computer system 
parameters, it should be recogniZed that such adjustments 
could be made by other means, as for example manually. 
However, some of the advantages disclosed herein would be 
reduced or possibly eliminated were the system to be 
implemented with other than automatic adjustment. 

Representative embodiments as described in the present 
patent document are advantageous in that they take very 
little time or effort on the part of the system operator to 
arrive at an optimal or near optimal system con?guration. 
Additionally, as the usage characteristics and load on the 
system change, this method ?nds and recommends improve 
ments to the system, without requiring the operator to 
continuously monitor and redo previous adjustments that 
were performed by hand. Another bene?t is that this mecha 
nism can be used on a subset of the parameters available on 
a system. Thus, the operator may choose to use this method 
to look for improvements in obscure or less understood 
parameters, and make the macroscopic adjustments himself. 

Additional advantages of the embodiments disclosed in 
the present patent document include an ability to choose a 
range of values for any particular system parameter, as 
opposed to selecting a particular value for the parameter. 
The range chosen could be large or small, depending how 
much is known regarding the impact of a change in the 
parameter upon system performance. As experience with the 
system is gained, the permitted range could be automatically 
reduced. Generally minor improvements in system perfor 
mance would not require as large a range of permitted 
parameter values as might otherwise be available. 

Also, if it is determined that the best setting for a 
parameter is at one extreme of the ranges of values, the 
operator can be noti?ed and requested to extend the range. 

In addition, this method can be used “o?line”. This 
method can be employed on a development or benchmark 
instance of the application, instead of on the production 
version. Improved settings could be found with very con 
sumption of operator time, and without risking adverse 
affects on a production system. The ideal settings obtained 
using the development system could then be adapted to the 
production system. 

While the present invention has been described in detail 
in relation to representative embodiments thereof, the 
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described embodiments have been presented by Way of 
example and not by Way of limitation. It Will be understood 
by those skilled in the art that various changes may be made 
in the form and details of the described embodiments 
resulting in equivalent embodiment that remains Within the 
scope of the appended claims. 
What is claimed is: 
1. A computer operable method for dynamically improv 

ing computer system performance under load conditions, 
comprising: 

marking computer system parameters on a list as 
unelected; 

repeating the following steps While there is at least one 
computer system parameter marked as unelected on the 
list, Wherein the list comprises multiple computer sys 
tem parameters, Wherein the values of the parameters 
affect the performance of the computer system, and 
Wherein the steps are performed automatically by the 
computer system: 
selecting one of the unelected parameters, 
setting the selected parameter equal to a value that lies 

Within a speci?ed operating range for the selected 
parameter, 

measuring value of the performance of the computer 
system, Wherein the value of the measured perfor 
mance of the computer system is a time average, 
Wherein the time of the average is adjustable as 
appropriate, 

recording paired values of measured computer system 
performance and the selected parameter, 

incrementing the value of the selected parameter, 
While the incremented value of the selected parameter 

lies Within the speci?ed operating range for the 
selected parameter, repeating the setting, measuring, 
recording, and incrementing steps, 

identifying Which of the recorded paired values has the 
best value of computer system performance, 

adjusting the selected parameter to the parameter value 
of the identi?ed recorded paired values, and 

marking the selected parameter as elected on the list; 
and 

repeating the above steps. 
2. A computer operable method as recited in claim 1, 

providing at least one initial value is an extremum of its 
parameter speci?ed operating range. 

3. A computer operable method as recited in claim 1, 
providing the computer system is operated under pre 
speci?ed conditions during the measuring step. 

4. A computer operable method as recited in claim 1, 
providing the computer system is operated under operational 
load conditions during the measuring step. 

5. A computer operable method as recited in claim 1, 
further comprising: 

obtaining the list of parameters to adjust. 
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6 
6. A computer operable method as recited in claim 1, 

Wherein the computer experiences time varying load condi 
tions. 

7. A program storage medium readable by a computer, 
embodying a softWare program of instructions executable by 
the computer for dynamically improving computer system 
performance under load conditions, comprising: 

marking computer system parameters on a list as 
unelected; 

repeating the folloWing steps While there is at least one 
computer system parameter marked as unelected on the 
list, Wherein the list comprises multiple computer sys 
tem parameters, Wherein the values of the parameters 
affect the performance of the computer system, and 
Wherein the steps are performed automatically by the 
computer system: 
selecting one of the unelected parameters, 
setting the selected parameter equal to a value that lies 

Within a speci?ed operating range for the selected 
parameter, 

measuring value of the performance of the computer 
system, providing the value of the measured perfor 
mance of the computer system is a time average, 
Wherein the time of the average is adjustable as 
appropriate, 

recording paired values of measured computer system 
performance and the selected parameter, 

incrementing the value of the selected parameter, 
While the incremented value of the selected parameter 

lies Within the speci?ed operating range for the 
selected parameter, repeating the setting, measuring, 
recording, and incrementing steps, 

identifying Which of the recorded paired values has the 
best value of computer system performance, 

adjusting the selected parameter to the parameter value 
of the identi?ed recorded paired values, and 

marking the selected parameter as elected on the list; 
and 

repeating the above steps. 
8. A program storage medium as recited in claim 7, 

providing at least one initial value is an extremum of its 
parameter speci?ed operating range. 

9. A program storage medium as recited in claim 7, 
Wherein the computer system is operated under pre-speci?ed 
conditions during the measuring step. 

10. A program storage medium as recited in claim 7, 
Wherein the computer system is operated under operational 
load conditions during the measuring step. 

11. A program storage medium as recited in claim 7, 
further comprising: 

obtaining the list of parameters to adjust. 
12. A program storage medium as recited in claim 7, 

providing the computer experiences time varying load con 
ditions. 


